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We report about the use of protein profiling by two dimensional gel electrophoresis (2-DE) to identify a particular 
tea clone or cultivar from our recently considered three tea cultivars (TV1, TV6 and HK22/14). Comparison of 2-DE 
gel pictures for each cultivar provided a unique banding patterns of protein spots on 2-DE gel which remain unchanged 
after challenging with biotic (Helopeltis and red spider infested) and abiotic (drought) stresses. Therefore, it can be 
concluded that 2-DE may be used as a protein marker for identifying a desirable tea cultivar to be used in tea breeding 
programme. 
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Introduction 
Tea is the most applauded beverage in the world. Its 
fame as a renowned beverage and its health value is 
incomparable. Tea, made from the fresh leaves of the tea 
plant [Camellia sinensis (L.) O. Kuntze] is consumed in 
the form of black (78%), green (20%) and oolong 
(2%) teas
1
. Tea cultivation contributes a huge job 
opportunities especially for women section. According 
to Wight (1962)
2
 tea plants is of three races: China type 
[Camellia sinensis (L.) O. Kuntze], Assam type 
[Camellia assamica (Masters)] and Cambod type 
[Camellia assamica sp. lasiocalyx (Planch. MS)]. Tea is 
an economical crop which acts as an important revenue 
source for tea producing countries. 
Good planting material is one of the most 
important resources for tea industry. Tea germplasm 
collection, preservation, exploitation and proper 
utilization forms the backbone of long-term tea 
breeding programs which mostly depend on the 
knowledge and understanding of the genetic 
background, diversity, relationship and identification. 
The source of good planting material is the tea 
germplasms maintained in tea experimental stations 
like Tocklai Tea Research Institute (TTRI), Jorhat, 
Assam (India) where they are recorded in the 
herbarium sheet with a particular accession number. 
These herbarium sheets record all the distinctive 
features of tea germplasm. The selection of tea clones 
is a crucial step before the release of the same for 
commercial exploitation and it is a very tough job. 
Selection usually takes 7-10 years
3
. Due to the use of 
released clones in tea plantation areas genetic 
diversity is greatly reduced within tea cultivation
4
 
which may be linked to a gradual loss of vigour and 
yield with age of a variety
5
. Therefore, identification 
of good planting material for inclusion in the breeding 
programmes is essential to broaden the genetic 
platform of the cultivated gene pool. Morphological 
characterizations for conventional breeding approach 
are mostly based on the features like: leaf shape, leaf 
length, plant growth habits and floral biology
6-7
. 
Regardless of some disadvantages, morphological 
approach is the mostly used method by tea planters 
worldwide
8-9
. Some biotechnologists claim about the 













, etc. for the 
assessment of genetic diversity and the development 
of genetic linkage map for tea breeding programme. 
But these molecular markers are hardly used by tea 
planters for application in field. The authors also 
reported about the simultaneous isolation of DNA, 
RNA and protein which is very important for 
performing genomic and proteomic studies in tea
27
. 
Biochemical constituents like total catechins and 




Abbreviations: TV, tocklai vegetative; HCL, hydrochloric acid; 
EDTA, ethylene diamine tetraacetic acid; KCl, potassium 
chloride; 2-DE, two dimensional gel electrophoresis.




carotenoids and caffeine in the fresh leaf are used  
as markers for characterizing tea germplasms
28-32
. 
Proteins and isozymes have been used as biochemical 
markers to study the genetic diversity in plants
33
. 
Electrophoretic techniques like sodium dodecyl 
sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) are mostly used due to their simple, 
economical and rapid method
34-36
. Two dimensional 
gel electrophoresis (2-DE) is a modern and a powerful 
technique for analysis of expression of differentially 
expressed protein complexes. The technique is 
reliable and concrete method due to the separation of 
protein based on two properties, isoelectric point and 
molecular weight. In the modern era of omics 2-DE is 
of utmost important technique for the study of 
proteomics which has been recently used in many 
plants like grape, barley, wheat, etc
37-39
. In order to 
address the present unavailability of any dependable 
technique to identify or screen a particular tea clone 
or cultivar we have taken up a piece of work (Fig. 1). 
Protein profiling was done by 2-DE which was used 
as a molecular marker to identify a particular tea 
clone or cultivar. The viability of the marker was also 
checked if it is influenced by any environmental 
factors like biotic and abiotic stresses. 
 
Materials and Methods  
 
Plant Materials 
Three tea cultivars (TV1, TV6 and HK22/14) of one 
year old were collected from New Botanical Area, 
Tocklai Tea Research Institute, Jorhat, Assam (India) 
and maintained in greenhouse condition as described in 
detail in Table 1. TV1 and TV6 cultivars were treated 
with biotic stress [Tea mosquito bug (Helopeltis 
theivora) and red spider mite (Oligonychus coffeae)] and 
HK22/14 cultivar was treated with abiotic stress 
(drought). 
 
Protein Extraction Buffer 
The extraction buffer consists of 500 mM Tris HCl 
(pH 8.0), 50 mM EDTA, 100 mM KCl and 0.07%  




Protein Precipitation Buffer 
The precipitation buffer was made of 0.1M 






Protein was extracted using modified phenol 
extraction procedure. Took 1.5 gm of fresh leaf tissue 
in liquid nitrogen and grinded to fine powder. Then 
transferred the powder to a 15 ml tube and added 4 ml 
of extraction buffer, mixed in vortex, incubated in  
ice for 10 minute. Then added equal volume of  
Tris-buffered phenol and incubated in a shaker for  
10 minute at room temperature. Centrifuged at 5500 g 
at 4°C, for 15 min. The upper phenolic phase was 
collected, transferred to a new tube and back extracted 
with 3 ml of extraction buffer, vortexed and incubated 
Table 1 — Three cultivars (TV1, TV6 and HK22/14) of one year old tea plant were collected from New Botanical Area,  
Tocklai Tea Research Institute, Jorhat, Assam, India and maintained in greenhouse condition as described below. The plants  
were treated with biotic stress [Tea mosquito bug (Helopeltis theivora) infestation and red spider mite (Oligonychus coffeae)  
infestation] and abiotic stress (drought) for studying their protein profile with the help of 2-D gel electrophoresis. 






Red spider infested 
(TV1 & TV6) 
Green house growth 
condition 
Humidity : 80% 
Day length : 11 hrs 15 min 
Temperature : 29°C 
Treatment Daily watering Water stress PEG stress Helopeltis infested Red spider infested 
Days after leaf samples 
were collected# 
14 14 10 5 10 




Fig. 1 — Outline of the problem about the unavailability of 
dependable molecular tool to identify a tea clone. 




for 3 minute. Centrifuged at 5500 g, 4°C for  
20 minute. The upper phenolic phase was collected 
and added four volumes of precipitation buffer. 
Mixed by inverting the tubes for several times and 
incubated at -20°C for 5 hours. Finally proteins were 
pellet down by centrifugation at 5500 g, 4°C for  
15 minute. Pellets were washed three times with ice-
cold precipitation buffer and ice-cold acetone. After 
each wash, the samples were centrifuged for 5 minute 
at 5500 g, 4°C. Finally, the pellets were dried under 
air at room temperature. Then the pellets were 
dissolved in rehydration buffer (Bio-Rad, USA). 
Protein estimation was done according to Bradford’s 
method. The extracted protein was used to perform 
protein profiling with 2-DE. 
 
Two Dimensional Gel Electrophoresis (2-DE) 
Two dimensional gel electrophoresis of protein 
extracted from tea plant was done with the help of 
ReadyPrep™ 2-D Starter Kit (Catalog No. 163-2105, 
Bio-Rad, USA) following manufacturer’s instruction. 
 
Results 
The proteins from tea samples were successfully 
extracted and were determined by Bradford method in 
a spectrophotometer (BioPhotometer, Eppendorf). 
The protein concentrations were found to be 1070, 
1006, 982 µg per gram of fresh leaf tissue respectively 
for TV1, TV6 and HK22/14 as shown in Table 2. 
Before performing 2-DE the protein profile was 
preliminary studied by 10% SDS-PAGE which 
showed that different polypeptides were successfully 
resolved on a gel (data not shown). Then the protein 
samples were successfully used for isoelectric 
focusing on immobilized pH gradient (IPG) strip 
which was followed by 10% SDS-PAGE. Differential 
banding patterns of protein were noticed as shown in 
Figure 2. Comparison of differentially expressed 
protein profile due to three different stresses for each 
tea cultivar provided a very interesting result about 
banding patterns of protein spots on 2-DE gel. When 
Table 2 — Comparative analysis of protein yield obtained  
from tea leaf samples of three cultivars. 
Sample Protein concentration 
(µg/µL ± SE) 
Protein yield 
(µg/g tissue ± SE) 
TV 1 0.535 ± 0.03 1070 ± 30 
TV 6 0.503 ± 0.08 1006 ± 42 
HK22/14 0.491 ± 0.05 982 ± 27 
 
 
Fig. 2 — Two dimensional gel electrophoresis (2-DE) protein profiles of three cultivars (TV1, TV6, HK22/14) of tea under different 
stress conditions. The figure clearly shows that certain type of unique banding pattern, as indicated by different shapes in the gel picture; 
remain unchanged for a particular cultivar irrespective of different stress and control. Thus, indicating a particular unique banding pattern 
for a particular cultivar which can be used as a molecular marker to identify any tea cultivar. Besides unique banding pattern some 
additional dots were also noticed in the gel picture indicating expression of additional proteins particularly in stress condition in all three 
cultivars (Supplementary A1 may be referred for checking the raw gel pictures used for the preparation of Fig. 2). 




three 2-DE gel photos of TV1 in different stress 
conditions (Helopeltis infested, red spider infested, 
control) were compared we observed some unique 
banding patterns of protein spots on 2-DE gel 
(represented by different shapes as shown in Figure 1) 
which remained unchanged in all three stress 
conditions. In addition to unique banding patterns of 
protein spots on the gel there were also additional 
spots in Helopeltis and red spider infested stress 
compared to control representing additional protein 
expression due to stress conditions. 
When we compared TV6 cultivar in three different 
stress conditions, Helopeltis infested, red spider 
infested and control, we noticed similar kind of results 
in case of protein spots with unique banding pattern 
on the 2-DE gel. Helopeltis and red spider infested  
2-DE gel photograph showed differential protein 
expression in terms of quality and quantity when 
compared to control 2-DE protein profile. So 
comparing these qualitative and quantitative protein 
spots in both the cultivars we can consider some spots 
as a pathogen related protein whose expression may 
be increased or decreased due to pathogen attack. To 
check if the same incident is also possible for abiotic 
stress we took another cultivar HK22/14 which was 
induced with drought stress. HK22/14 cultivars were 
induced with natural and artificial drought conditions. 
We notice a unique banding protein spots on 2-DE 
gels which remained unaltered due to natural, 
artificial drought stress and control. Additional 
differentially expressed protein spots were also 
observed on gels in case of drought stress compared 
to control. The detailed outcome of our present work 
is summarised in Figure 3. 
 
Discussion 
Protein represents a very important component of 
living organisms, as they are responsible for the 
physiological metabolic pathways of cells. The 
proteome may be modified by an organism based on 
its requirement. The requirements may be different 
with time and stresses, that a cell or organism 
undergoes to perform various biochemical reactions 
with the help of enzymes to maintain cellular 
activities. With the help of enzymatic activities the 
cell can modify itself to the changes in environmental 
factors by performing different metabolic pathways. 
The response to environmental factors by cell is done 
by up and down regulation of metabolic activities
40
. 
In some cases, the enzymatic activity in inhibited by 
enzymatic end product which is known as feedback 
inhibition. Therefore, based on the environmental 
condition and the need of the organism some proteins 
are up regulated and some are down regulated which 
can be detected in 2-DE gel for screening the 
qualitative and quantitative changes of the protein 
spots
41
. But the main concern is if we can get a 
constant protein profile picture at a particular region 
of the 2-DE gel which is unaltered due to any stress or 
environmental condition and unique for a particular 
cultivar and that unique pattern of protein spot must 
be different for different cultivar. Then that type of 
unique pattern can be used for identification of 
 
 
Fig. 3 — The successful use of 2DE protein profiling as a molecular tool to identify a desired tea clone. 




cultivars or clones. The cultivar specific unaltered 
protein profile region can be used to identify a 
particular tea plant cultivar. Such kind of incident 
occurred in our present study of protein profiling by 
2-DE to select a particular tea clone or cultivar. 
Comparison of 2-DE gel pictures after performing  
2-DE with three tea cultivars (TV1, TV6 and 
HK22/14) produced a unique banding patterns of 
protein spots on 2-DE gel for each cultivar which 
remain unaffected due to considered biotic (Helopeltis 
and red spider infested) and abiotic (drought) stresses. 
Therefore, we can employ 2-DE as a tool to perform 
protein fingerprinting of tea germplasms. We 
conclude about the development of the potent role of 
2-DE protein profile in giving a molecular signature 
to each and every germplasm accession that are 
recorded in tea germplasm repositories in different 
countries. This can lead to the development of protein 
marker in future for screening tea germplasms to be 
used by tea planters for successful tea breeding 
programme which can help immensely the much 
needed tea industry. 
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